Previous studies have found that there is a correlation between mothers' haemoglobin concentration or packed cell volume and infants' birth weight, and that iron supplementation increases mothers' haemoglobin concentration. The purpose of this study, using the data of a large randomised trial on iron prophylaxis during pregnancy, was to find out whether iron supplementation causes fetal growth to deteriorate. At their first antenatal visit, 2912 pregnant women were randomised into non-routine iron and routine iron supplementation. The mean length of gestation was shorter in the non-routine group. Birth weight did not differ between the groups, but due to longer gestations boys in the group receiving routine iron were taller than in the nonroutine group. In both groups, whether studied by various values of packed cell volume or correlation coefficients, the lower the packed cell volume, the heavier and taller the infant and heavier the placenta. These negative correlations could be seen even with a packed cell volume measured early in pregnancy. Standardising for blood pressure did not influence the correlation coefficients. The correlation between a high ratio for packed cell volume and poor fetal growth thus may not be caused by iron supplementation, nor mediated by blood pressure, but by some other mechanism.
Several surveys in the 1950s and 1960s found that a mother's anaemia and/or low serum iron was related to the small size and mortality of the infant.' These studies, however, did not consider confounding factors such as low social class and the mother's illnesses, and the correlations were usually obtained only with very low haemoglobin values. Recent studies excluding mothers with very low haemoglobin concentrations have found an inverse association between birth weight and haemoglobin concentration in late pregnancy."' Other studies have found a U shaped relation between preterm birth, infant's mortality and weight, and the haemoglobin concentration in early pregnancy'2 or the lowest recorded haemoglobin.'2'5 Mothers having infants small for their gestational age have higher haemoglobin concentrations in late pregnancy than do other mothers.'1 '9 Supplying iron increases haemoglobin con- centrations. Thus an important question is whether iron supplementation contributes to the relation between high haemoglobin concentration and poor outcome, or whether high haemoglobin and poor obstetric outcome are both related to low plasma volume.'0 12 20 Because of selection to iron treatment by haemoglobin concentration, this question can be answered only by studies using experimental designs. Using data of a large randomised trial comparing non-routine and routine iron prophylaxis during pregnancy, we describe the relation of fetal growth to iron supplementation and the mother's packed cell volume and blood pressure.
Subjects and methods
The study design, methods, and population have been reported in detail previously.2' In brief, a multicentre trial comparing two policies of iron prophylaxis in pregnant women was carried out within routine health services. All mothers entering the 27 participating maternity centres were included in the study with the following exceptions: mothers with a serious chronic disease, a packed cell volume -0-32 or haemoglobin -110 g/l, the likelihood of moving from the area before the birth of the child, or those who were at more than 16 weeks of gestation. Mothers were randomised into nonroutine iron supplementation and routine iron supplementation. The 218 mothers having a spontaneous abortion were excluded leaving 1358 mothers in the group receiving iron nonroutinely and 1336 mothers in the group receiving it routinely.
Mothers in the group receiving iron routinely were recommended pure iron (that is, not in combination preparations) throughout the pregnancy starting at the latest after the 16th week, with the daily dose 100 mg of elemental iron in one dose. If mothers in the non-routine group had packed cell volume <030 (that is, haemoglobin <100 g/l) in two consecutive visits, 50 mg iron twice a day for two months, or until the packed cell volume increased to 032 (that is, haemoglobin 110 g/l), was to be recommended. Later during the trial because of midwives' wishes the limit for starting iron was, after 33 weeks' gestation, raised to a packed cell volume <0-31 (that is, haemoglobin <105 g/l). Com The best estimate of the length of gestation was drawn from the infant's hospital record, completed from the midwife's questionnaire for 15 infants whose records were not found, and rounded off to the nearest week. (Clinicians define gestation length by combining information from various sources, including ultrasound, history of last menstrual period, and clinical signs. The accuracy of measurements may vary from one infant to another, but we assume any inaccuracies to be similarly distributed in the two groups.) In addition, gestation length was calculated in days from the last menstrual period. Unless otherwise specified, the best estimate is used in analyses. Birth weight, birth length, and head circumference were determined from the infant's record. Infants whose weight fell below the 10th centile for that gestational age'9 were called small for their gestational age. Growth after birth was calculated by subtracting from each infant's weight in the postpartum check up her/his birth weight (g) and dividing by the age (in days).
To learn the prognostic value of the packed cell volume, mothers were classified by the result in the 12th week (-0-35, 0-36-0-38, 0-39-0-41, 342), and the 28th week (-0-32, 0-33-0-35, 0-36-0-38, ¢0-39); mothers with unknown values (n=59 and 76) were excluded from these analyses.
Pearson's correlation coefficient (r) and partial correlation coefficients standardised for other variables were calculated by the BMDP statistical package. Statistical significances were tested by x2 test (distributions), the test of two proportions (percentages), and t test (means).
Results

GESTATION LENGTH AND GROWTH BY IRON SUPPLEMENTATION
The mean length of gestation was somewhat shorter in the non-routine group, but was significant only among boys (table 1). In the nonroutine group somewhat more girls were born in the 39th week (21-0% compared with 16-8%) and fewer in the 41st week or later (33-4% compared with 38-0%) than in the group receiving routine iron. Among boys there were more preterm births (<37 weeks) in the non-routine group (4-8% compared with 2-6%) and fewer births in the 41st week or later (34-9% compared with 39-8%). When gestation length was calculated from the last menstrual period, excluding women having gestation ¢46 weeks, the mean gestation length was 39-9 weeks in the non-routine group and 40-1 weeks in the group receiving routine iron (p<0-05). These differences were also found when only women with a spontaneous start of labour were studied.
The boys in the group receiving routine iron were, as a mean, 36 g heavier (not a significant difference) and 0-2 cm taller (table 1). This was due to longer gestation rather than quicker growth, however, and the mean birth weights in each gestation age were similar. Among girls, all indicators of growth (birth weight, length, head circumference, both means, distributions, and gestation specific values, and proportion of infants small for gestational age) were similar in the non-routine group and group receiving routine iron. Growth from birth to the postpartum examination was similar in the two groups.
In both groups boys were taller and heavier than girls, but that difference emerged only in the 38th week for height and in the 40th week for weight.
GESTATION LENGTH AND GROWTH BY PACKED CELL VOLUME With gestation, the mothers' packed cell volume became lower in the non-routine group than in the group receiving routine iron (figure). In the non-routine group, the packed cell volume decreased until the 28th week. In the group receiving routine iron the decrease stopped by the 20th week. The higher the initial packed cell volume ratio, the greater the decrease in both groups.
We investigated the means and distributions of birth weight, birth length, and gestation length in the different groups of packed cell volume measurements in the 12th and 28th week. In the groups of high packed cell volume, mean birth weight and birth length were lower, and the proportion of infants weighing less than 2500 g was higher. Table 2 gives the results by the packed cell volume result in the 28th week. Similar results were obtained in the 12th week, 27-9 (10-4) 27-3 (10-1) 31-4 (11-7) 32-2 (13-0) *Boys whose mothers received iron non-routinly compared with boys whose mothers received iron routinely: p<0-05.
Hemminki, Rimpela but the differences were not larger in the nonroutine than in the group receiving routine iron as in the 28th week. The relation between packed cell volume in the 12th and 28th weeks and gestation length was weaker and not significant.
We also studied the relation between packed cell volume in the 12th, 20th, 28th, and 36th weeks and birth weight, birth length, head circumference, and gestation length by counting correlation coefficients. Weak negative correlations to weight and length could be seen in all packed cell volume measurements, but were usually strongest in the 36th week: the lower the packed cell volume the heavier and taller the infant. Correlations with head circumference were also negative, but weaker than those of weight or length. The negative correlation of the packed cell volume with gestation length was weaker than that with weight, and significant only in the iron group in the 36th week.
INTERVENING VARIABLES
To exmine the relation between high packed cell volume and low birth weight we studied blood pressure and placental weight as possible intervening variables. Both groups were fairly similar to each other in blood pressure, proteinuria, and mothers' weight gain during pregnancy, and in placental weight. In both groups, high blood pressure, especially diastolic, correlated positively with the packed cell volume in the 36th week, negatively with gestation length, and weakly with birth weight (table   Table 4 Raw and partial correlation coeffiiens (standardised for systolic and diastolic blood pressure) of the packed ceUl volume in the 36th week with gestation length, birth weight, and placental weight Gestation length -004 -001 -0*09** -0O07* Birth weight -0¢13*** -0111*** -0-12*** -010** Placental weight -0-13*** -0-13*** -0*07* -0*07* *=p<0c05, **=p<001, and ***=p<0l001.
3) and birth length. Correlation coefficients with blood pressure in the 12th and 28th week tended in the same direction as those in the 36th week, but were usually smaller, with the exception of packed cell volume, with which the correlations were equally strong. Weight of placenta correlated positively with birth weight, birth length, and gestation length, and, especially in the non-routine group, negatively with the packed cell volume (table 3) . On the other hand, there was no correlation between placental weight and systolic blood pressure (-0-01 in the 36th week, both groups combined) and only a weak correlation with diastolic blood pressure (-0 05 in the 36th week).
To abolish the association caused by joint correlations with blood pressure, partial correlation coefficients were calculated standardising for blood pressure. Standardisation only marginally changed correlation between packed cell volume and birth weight and placental weight ( [27] [28] [29] Noteworthy is the fact that the negative correlation with birth weight could be seen even with packed cell volume measured early in pregnancy.
The prediction of poor growth by a high packed cell volume was clearer in the nonroutine group. Apparently iron supplementation transferred several 'healthy women' to the group with a high value, and this diluted the association between the high value for packed cell volume and poor growth of the fetus. Even though routine iron supplementation does not seem to diminish growth, it may impede diagnosis of poor growth.
Gestation length was somewhat shorter in the non-routine group, especially among mothers with boys. The difference was mainly due to different distribution within 39-42 weeks; thus it is possible that iron postpones that start of labour at term. The mechanism remained unclear. It was not through packed cell volume, high blood pressure, or inductions. Nor is it likely to be due to varying calculations of gestation length, because it could be seen also with gestation length calculated from the last menstrual period. 
